Introduction: Cardiac tamponade could be a life-threatening condition and immediate pericardiocentesis is the treatment of choice. Acute decompensated heart failure as a complication of pericardiocentesis is less well known. Understanding the pathophysiology of cardiac tamponade may give clues to understanding the etiology of this uncommon but life-threatening condition. Case Report: A 53-year-old female underwent emergency pericardiocentesis for acute cardiac tamponade. Baseline echocardiography demonstrated a large global pericardial effusion with normal left ventricular dimensions and systolic function, and typical features of tamponade. The clinical situation improved considerably following the removal of 1.5 liters of pericardial fluid over a period of 15 minutes. Within 24 hours she developed acute decompensated heart failure (ADHF).
INTRODUCTION
Cardiac tamponade is a condition caused by compression of the heart due to accumulation of fluid or gas in the pericardial sac [1] . Percutaneous drainage of pericardial fluid is called pericardiocentesis [2] . With a notable exception of aortic dissection, immediate pericardiocentesis is mandatory in patients with cardiac tamponade and shock [1, 2] . Acute decompensated heart failure in the post pericardiocentesis scenario is a less well described entity. Clues to understanding this phenomenon may lie in the pathophysiology of cardiac tamponade itself. It is essential that this rare but potentially fatal complication is anticipated in patients undergoing pericardiocentesis for cardiac tamponade. of shortness of breath and abdominal pain. Her blood pressure (BP) was 125/98 mmHg and pulse rate was 114/ min. Jugular venous pulse was raised.
A diagnosis of cardiac tamponade was made on the basis of echocardiographic and CT chest findings (Figures 1 and 2 ). Brain Natriuretic Peptide (BNP) was 49.4 pg/ml. Pericardiocentesis was performed from the subxiphoid approach and 1.5 liters of hemorrhagic pericardial effusion was aspirated immediately, and a pig tail catheter was left in situ for 24 hours. Prior to pericardiocentesis her blood pressure was 130/120 with sinus tachycardia of around 115 beats per minute.
It was a hemorrhagic pericardial effusion. Consistent with an exudate. Malignant cytology analysis was negative. Acid fast stain and gram stain was negative. The cause of pericardial effusion remained unknown.
Within 24 hours the patient developed acute breathlessness and circulatory shock. Echocardiography showed severely reduced left and right ventricular systolic function and no recurrence of pericardial effusion (Figures 3 and 4) .
A repeat BNP had increased to 914 pg/ml. After stabilisation and treatment for ADHF, the patient underwent a cardiac MRI which confirmed a dilated left ventricle with severe hypokinesis of the left ventricle (LV) and right ventricle (RV) myocardial segments at mid ventricular level with preserved contraction of the basal and apical myocardial segments and an ejection fraction of 29% ( Figures 5 and 6 ). Delayed enhancement images did not show any evidence of myocarditis, acute myocardial infarction or scar.
Over a period of three weeks, the patient's clinical situation improved with optimal medical therapy. Echocardiography, pre discharge, had returned to normal (Figures 7 and 8 ). The etiology of her pericardial effusion remained unknown. 
DISCUSSION
Echocardiographically guided pericardiocentesis is generally safe with low incidence of major complications [3, 4] . Transient post pericardiocentesis heart failure or post pericardiocentesis "low cardiac output syndrome" in patients with no previous history of cardiac decompensation is a rare phenomenon [5] .
This as yet poorly explained phenomenon can present as right ventricular (RV) and/or left ventricular (LV) failure. Persistent low blood pressure after pericardial decompression requiring presser support has also been described with normal biventricular systolic function [6] .
Anguera et al. [7] have described a case of acute right ventricular dilatation after emergent pericardiocentesis in a 68-year-old woman with cardiac tamponade with resolution after 10 days of supportive care. Geffroy et al. [8] described a fatal case of prolonged RV failure along with persistent right to left shunt through a patent foramen ovale following emergent pericardiotomy for malignant cardiac tamponade in a 53-year-old patient.
Ischaki et al. [9] have described a case of 25-year-old man with tuberculous pericarditis. Post pericardiocentesis the patient required inotropic support and assisted ventilation for five days. Left ventricular ejection fraction (LVEF) was 25%. At discharge from intensive care the LVEF had improved to 45%. Similar cases of initial hemodynamic improvement post pericardial decompression followed by rapid deterioration have been described by others. All patients improved with supportive treatment [10] [11] [12] [13] [14] [15] . Some common features are readily identifiable in all the aforementioned case reports. All had evidence of cardiac tamponade. All patients underwent emergent pericardial decompression either surgical or catheter based. All patients had complete evacuation of their pericardial sacs. An interesting case of severe apical and septal hypokinesia with apical thrombus formation despite stepwise pericardiocentesis (500 ml each time) was described by Sevimli et al. [16] in a 42-year-old female patient. Left ventricular function improved over 10 days with anti-heart failure treatment. Rapid removal of large volume third spaced fluid is well known to cause hemodynamic derangement in the setting of thoracentesis [17, 18] and paracentesis. Interestingly the so called persistent low cardiac output syndrome (PLCOS) is more common after surgical pericardiotomy. Surgical decompression of massive pericardial effusion results in more rapid and complete evacuation of pericardial cavity. Thus, Dosios et al. [5] in their series showed that out of 104 patients who underwent surgical subxiphoid drainage of pericardial cavity, five patients (4.8%) developed PLCOS, four of whom died.
Wagner et al. [6] in their retrospective review of 174 cancer patients with pericardial effusion who underwent surgical drainage, reported an 11% incidence of paradoxical hemodynamic instability (PHI) (defined as unexpected vasopressor dependent hypotension in the immediate postoperative period requiring admission to the intensive care unit). The presence of cardiac tamponade and higher volume of pericardial fluid drained were two factors strongly associated with development of PHI. Interestingly majority of patients who developed PHI had normal biventricular function on echocardiograms performed during period of hemodynamic instability.
The mechanism/s of this potentially fatal complication of pericardiocentesis is/are unknown. However, many investigators have made some interesting speculations.
A similar syndrome of low cardiac output and cardiac dilatation has been described in 28% of patients who undergo pericardiectomy for constrictive pericarditis [13] . Downy et al. [19] have compared a rapid decompression of pericardial sac to functional pericardiectomy. Pericardial sac provides an external constraint that prevents over-distension of the cardiac chambers. A gradually accumulating pericardial fluid would compress the heart and expand the pericardial capacity. The resulting low cardiac output would trigger compensatory mechanisms including tachycardia and expansion of the intravascular volume. After rapid removal of pericardial fluid, increased venous return at high filling pressures could lead to rapid increase in wall stress leading to dilatation of the thin walled and more compliant right ventricle. Moreover, rapid decompression of the pericardial sac would allow insufficient time for the pericardial sac to contract and therefore permit overexpansion of the right ventricle resulting in right ventricular systolic dysfunction.
While the above mentioned sequence of events might explain right ventricular dilatation, the pathogenesis of acute pulmonary edema, needs further elucidation. Manyari et al. [20] using ECG-gated blood pool cardiac scintigraphy have shown that after pericardiocentesis there is greater increase in right ventricular stroke volume which is not matched by a comparable increase in left ventricular stroke volume. Such a disproportionate increase in RV output could result in flooding of the pulmonary vasculature [18] .
Acute transient dilatation of a previously normal ventricle as a result of increased venous return is difficult to explain in the case of left ventricle. Moreover, such a mechanism does not explain the occurrence of cardiac failure in patients who undergo gradual or staged decompression of their pericardial effusions [15] . Researchers have therefore looked elsewhere to explain this phenomenon.
Skalidis et al. [21] in their pioneering study analysed the effects of increasing pericardial pressure on blood flow in a non-diseased left anterior descending artery of a man who underwent pericardiocentesis for malignant pericardial effusion. There was a marked progressive decline in coronary blood flow with increase in pericardial pressure. Reduction in coronary blood flow coupled with a short diastolic period of the coronary cycle during cardiac tamponade may cause myocardial stunning leading to heart failure. It has been suggested [4] that myocardial systolic dysfunction may already be present during cardiac tamponade but may be masked due to small chamber sizes by virtue of external compression. Indeed Braverman and Sundaresan [22] have described a patient whose left ventricular systolic function was grossly impaired at the time of hemodynamically significant pericardial effusion. Left ventricular function normalised after pericardiocentesis! Cardiac MRI in our patient revealed mid-ventricular hypokinesia along with apical sparing. This pattern of wall motion abnormalities has been reported in patients with pheochromocytoma [23, 24] and has been called "inverted Takotsubo cardiomyopathy" [25] . It is widely believed that stress induced catecholamine surge leads to myocardial toxicity of Takotsubo cardiomyopathy [26] . It is possible that the intense adrenergic response leading to tachycardia and severe hypertension prior to pericardial drainage in our patient may have caused an inverted Takotsubo cardiomyopathy. A strikingly similar pattern of hypokinesia with apical sparing occurring after emergent pericardiocentesis has been reported by Bernal et al. [14] .
CONCLUSION
In conclusion, the exact pathophysiology of post pericardiocentesis low cardiac output syndrome remains elusive. All components and variable patterns of this enigmatic syndrome may not be explainable based on a single unifying aetiology. We recommend that with the first evidence of cardiac tamponade prompt pericardiocentesis is carried out so that the deleterious consequences of cardiac tamponade such as coronary arterial compromise or the consequences of adverse compensatory responses to low cardiac output are aborted. While being aware of the possibility of hypotension and heart failure even with slow decompression, we believe that enough circumstantial evidence exists to recommend partial initial decompression of the pericardial sac followed by gradual removal of the pericardial fluid with the help of an indwelling intrapericardial catheter. This would allow resolution of tamponade physiology and prevent abrupt fluctuations in venous return otherwise associated with more rapid decompression of the pericardial sac. If however, heart failure or circulatory shock does develop despite the above mentioned measures, these patients should be aggressively treated in the intensive care unit because despite their initial apparently dismal prognosis, such patients are fully curable with no long term sequelae.
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